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Langerhans cells were enriched from epidermal cell 
suspensions by a monolayer technique based on the 
association ofLangerhans cells with solid matrix-bound 
anti-Ia antibodies or by flow cytometry sorting of fluo-
rescein-isothiocyanate labeled anti-Ia reactive cells. The 
monolayer technique gave a moderate enrichment (15-
37%) whereas considerably higher purity (73-87%) was 
obtained by flow cytometry sorting. The identity of the 
enriched anti-Ia reactive cells as Langerhans cells was 
established by histochemical techniques or electron mi-
croscopy. The monolayer-enriched Langerhans cells 
could function as· stimulating cells in the mixed leukocyte 
culture reaction and as antigen-presenting cells. 
There is considerable evidence of the immunological role of 
the epidermal Langerhans cell. The presence of Ia antigen [1-
3], Fc-lgG and C3 receptors [ 4] on its surface suggests a partic-
ipation in the first line of immunological defence of t h e body. 
This view is supported by in vitro studies where the Langerhans 
cell exhibits a macrophage-like function in antigen-specific and 
allogenic T cell activation [5]. Further in vitro studies are 
needed to elucidate the precise role of the cell in the immune 
system. 
A severe obstacle in in vitro studies of the Langer hans cell is 
the difficuJty to is.olate the cell. The Langerhans cell constitutes 
only about 1-5% of the epidermal cell popuJation. Using t h e Fc-
IgG receptor for rosette formation it has been possible to obtain 
epidermal cell suspensions containing 18-35% Langerhans cells 
[5,6]. It is, however, desirable to explore other techniques to 
improve the purity of Langerhans cell preparations and the 
y ield and rapidity of isolation. 
In the present investigation we have approached these prob-
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Abbreviations: 
ATPase: adenosine-triphosphatase 
BCG: Bacillus Calmette-Guerin 
ConA: Concanavalin A 
EDTA: ethylenediamine tetraacetic acid 
FACS: fluorescence activated cell sorter 
FCS: fetal calf serum 
FITC: fluorescein-isothiocyanate 
HE PES: N -2-hydroxyethylpiperazine-N' -2-ethane-sulfonic acid 
HLA-DR antigen: the human equivalent to Ia antigen 
Ia antigen: immune response-associated antigen 
MLR: mixed leucocyte culture reaction 
PBS: phosphate-buffered saline 
PPD: purified protein derivative of tuberculin 
!ems with 2 alternative methods for purification of epidermal 
Langerhans cells. A monolayer technique based on the associ-
ation of Langerhans cells from guinea pig epidermis with solid 
,matrix-bound anti-la antibodies was equally effective as the Fc-
rosette technique [5,6] in isolating Langerhans cells but with 
greater simplicity. Flow cytometry sorting of fluorescein-isothi-
ocyanate (FITC)-labeled anti-Ia reactive cells made it possible 
to obtain a considerably higher proportion of Langerhans cells, 
but the procedw-e was on the other hand rather time-consum-
ing. The anti-la reactive cells were characterized by histochem-
ical techniques, electron microscopy and capacity to mediate T 
lymphocyte activation. 
MATERIALS AND METHODS 
Animals 
Guinea pigs belonging to inbred strains 2 and 13 were kindly given 
by Prof. Hans Wigzell, Department of Immunology, University of 
Uppsala, Sweden, and were originally derived from the National Insti-
tutes of Health, Bethesda, Md., U.S. A. 
Human Epidermal Shin 
In one experiment human breast skin was obtained from a patient 
undergoing reconstructive plastic surgery of the breast. 
Antisera 
Rabbit antiserum directed against guinea pig Ia antigens was ob-
tained after immunization with highly purified human HLA-DR (Ia) 
antigens and has been shown to react specifically with both human 
HLA-DR (Ia) antigens [7] and with guinea pig Ia antigens [8]. This 
antiserum was used for indirect immunofluorescence studies, since an 
lgG fraction of the serum has been shown in skin biopsies to react 
exclusively with the Langerhans cells in the epidermal population [1]. 
For the monolayer technique described below an lgG fraction of the 
antiserum was prepared by purification on protein A-coupled Sepharose 
affinity chromatography columns [7]. This was followed by immuno-
sorbent chromatography on Sephru·ose-coupled Ia antigens isolated 
from chronic lymphatic leukemia ce lls [9]. 
Medium 
Unless otherwise stated RPMI1640 (Gibco Bio-cult, Glasgow, Scot-
land) supplemented with 20 mM HEPES (Sigma Chemical Company, 
St. Louis, Mo., U. S. A.) and 2-20% heat-inactivated fetal calf serum 
(FCS, Gibco Bio-cult) was used and is referred to as RPM! medium in 
the text. 
Preparation of Cell Suspensions 
Epidermal cells: Single-cell suspensions were prepared essentially 
as described by Steinmiiller and Wunderlich [10]. After killing the 
guinea pigs, the ears were carefully shaved, washed with 0.5% alcoholic 
chlorhexidine (Hibitane), cut off at the bases and placed in phosphate-
buffered saline (PBS). After thorough washing the ears were split in 
the plane of the cru·tilage which was removed together with subcuta-
neous tissue. To separate epidermis from dermis the thin pieces of skin 
were floated dermal side down onto the surface of an EDT A-containing 
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medium [ll] in plastic Petri dishes for 60 min at 37°C. After blotting 
on dry filter paper the specimens were attached, epidermal side down, 
to the bottom of an empty Petri dish. The dermis could then be easily 
removed with fine forceps and the exposed epidermis was soaked with 
0.5% trypsin (type III, Sigma) in PBS for 20-30 min at 37°C. The 
trypsinized epidermis was covered with the RPMI medium (20% FCS) 
and was gently stroked with the forceps. The resulting epidermal 
s uspension was repeatedly blown in and out of a 10 rnl pipette, collected 
and spun down in the RPMI medium for 20 min at 500 g. Cornified 
flakes remained in the Petri dish. The pellet of epidermal cells was 
r esuspended in 1-3 rnl of 0.025% deoxyribonuclease 1 (DNase 1, Boeh-
ringer Mannheim) in PBS for 1-3 min at 37°C. Following a triple wash 
in the RPMI medium the cells were counted and the viability estimated 
by trypan blue exclusion. 
The human skin was shaved off with a surgical blade (22, Swann 
Morton, England) into thin pieces composed of epidermis and superfi-
c ia l dermis. Single-cell suspension was prepared as above. 
Spleen cells: Guinea pig spleens were minced in RPMI medium. 
After passage through a n 80-mesh stainless-steel sieve tissue debris was 
allowed to settle under unit gravity and the cell suspension was har-
vested. The red cells were lysed with 0.83% ammonium chloride (pH 
7.4) for 1-3 min at room temperature. After a triple wash in the RPMI 
medium the cells were counted and the viability estimated by trypan 
blue exclusion. 
Identification of Epidermal Langerhans Cells 
Indirect immunofZuorescence: The rabbit anti-Ia antiserum was 
diluted in the RPMI medium and used at an lgG concentration of 0.05 
mg/ml. Twenty p.l of the diluted serum were used per IOn packed 
e pidermal cells and incubated for 30 min in tubes at 4 °C. After 3 washes 
in cold RPMI medium the cells were further incubated for 30 min at 
4 o C with 0.15 mg/ ml fluorescein-isothiocyanate (FITC)-conjugated 
porcine anti-ra bbit IgG (Daco, Denmark, lot 069 B) . Following three 
subsequent washes the cells were examined in a Leitz Orthoplane 
fluorescence microscope with incident Ploem illumination. The tota l 
number of cells in each field was determined by phase-contrast micros-
copy. A minimum of 100 cells were counted. Control cells were incu-
bated with normal rabbit serum diluted 1/20 in the fu·st incubation 
step. 
Histochemical techniques: Cell suspensions were cytocent rifuged for 
10 min at 70 g (Shandon Eliott Scientific Co., Ltd., London, England) 
a nd air-dried. Established histochemical techniques [12,13) were em-
ployed to demonstrate the fo llowing enzymes: Peroxidase, a-naphthyl 
acetate esterase, naphthol AS-D acetate esterase, acid a -naph thyl 
acetate esterase and acid phosphatase. For demonstration of ATPase, 
slides were fixed in 5% formalin and stained according to the method 
employed by Juhlin and Shelly [ll]. 
Electron microscopy: Flow cytometry sorted human epidermal cells 
were collected in beem capsules (size (00) , EM-scope lab., Ltd. , London, 
E ngland) containing 1.5% glutaraldehyde and 1.5% paraformaldehyde 
in 0.1 M phosphate buffer, pH 7.4. The cells were fixed for at least 24 hr 
at 4°C, washed in 2 changes of the phosphate buffer for 20 min and 
postfixed in 1% Os0 4 for 1 hr at 4°C. Specimens were then washed in 
3 c hanges of the phosphate buffer for 30 min, dehydrated in a graded 
series of alcohol, passed through propylene oxide and embedded in 
Epon 812. After polymerization for 48 hr, ultrathin sections were cut 
with a diamond knife on an LKB ultrotome III and poststained with 
ura nyl acetate and lead citrate. The cells were examined with a Philips 
EM 201 electron microscope operating at 80 kV. To avoid losses during 
processing, the cells were spun down between each media change at 
2,000 g for 5 min. 
Enrichment of Langerhans Cells 
Monolayer technique: The direct binding method described by Wy-
socki and Sato [14] was used with a few modifications. Ordinary 
polystyrol Petri dishes (Labora, Stockholm, Sweden) with a diameter 
of 9 or 14 em were coated with affinity-purified rabbit ant i-Ia a nt ibodies 
diluted with 0.05 M Tris, pH 9.5, to a concent ration of 10 p.g/ rnl. After 
4 0 min of incubation at room temperature the buffer was decanted and 
u sed for several dishes. The plates were rinsed 4 times with PBS and 
finally with PBS supplemented with 1% FCS. When not used immedi-
ately the dishes were stored at -20°C. Uncoated plates were used as 
controls for unspecific binding. The epidermal cells were suspended in 
the RPMI medium at a concentration of 4-5 X 106 cells/mi. Eight and 
20 rnl samples of the .suspensions were transferred to the sn1a ll and 
large Petri dishes, respectively, and incubated for 70 min at 4°C. After 
40 min the plates were swirled to redistribute unattached cells. At the 
e nd of the incubation period, the nonadherent cells were removed by 
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a pipette. The plates were th en washed several times with PBS supple-
mented with 1% FCS. T he adherent cell population was recovered by 
gentle use of a rubber policeman and flushing of the Slll"face with a 
Pasteur pipette. The procedure was checked under an inverted micro-
scope. 
Flow cytometry sorting: A FACS-111 flow cytometer (Becton-Dick-
inson Electronics La boratory, Calif., U.S.A.) equipped with a 5 W argon 
ion laser and dual fluorescence detection was used [15]. For excitation, 
the 488 nm laser line was used at a power of 400 mW and for fluores-
cence detection, a 520 nm cut off filter. Fluorescent microspheres 2 p.m 
(Polyscience Inc., Warrington, Pa., U.S.A.) were used to fine-tune the 
instrument for optimal resolut ion. The epidermal cells were subjected 
to immunofluorescent staining as outlined above. The separation was 
performed at a cell concentration of 106 cells/ rnl at 4°C and a rate of 
approximately 1,500 cells/sec. The sheath fluid was either PBS or 
serum-free RPMI medium supplemented with ant ibiotics and antimy-
cotics. 
Functional Assays 
Mixed leukocyte culture reaction (MLR): Allogenic or syngenic 
spleen cells were mixed with irradiated (2,000 rad) epidermal cells, 
Langerhans enriched or not, in round-bottomed microtiter plates (Lin-
bro Scientific, Inc., Hamden, Conn. , U.S.A.) in a total volume of0.2 ml 
(the numbers of cells/well are given in Table 1). The culture medium 
was RPMI 1640 supplemented with 20 mM HEPES, 2 mM L-glutamine, 
penicillin (100 units/ml) , streptomycin (100 p.g/rnl) , fungizone (1.25 p.g/ 
ml) , 2-mercaptoethanol (2.5 X 10- 5M) and 5% heat-inactivated normal 
guinea pig serum. After incubation for 5 days at 37°C in a humidified 
atmosphere of 95% air and 5% C02 , 0.1 uCi of "H-t.hymidine (18.2 Ci/ 
mmol, the Radiochemical Centre, Amersh, England) was added to each 
well. The radioactivity incorporated was determined after a n additional 
18-hr incubation by harvesting with a Skatron mult i-harvester (Ska-
tron, Flow lab. Inc., Washington, Va., U.S.A.) followed by liquid scin-
t illation counting. Triplicate cul tUl"es were set up and the results are 
expressed as mean cpm ± SE. 
Antigen presentation: Guinea pigs were immunized with 0.5 ml BCG 
vaccine (Statens Seruminstitut, Copenhagen, Denmark) and checked 
with the pJ.lrified protein derivative of tuberculin (PPD) reaction as 
according to Collins and Auclair [16]. Spleen cells from an immunized 
animal were stimulated in round-bottomed micro t iter plates with PPD-
treated epidermal cells, Langerhans enriched or not, and the corre-
sponding untreated cells from a syngenic nonimmunized animal. The 
populations to be antigen-pulsed were suspended at a concentration of 
5 x 10'; cells/rnl in RPMI medium and incubated with 50 p.g PPD/ ml 
(PPD for in vitro tests, Statens Seruminstitut, Copenhagen, Denmark) 
at 37°C for 60 min. The cells were then washed 4 t imes with the RPMI 
medium. All the epidermal cell populations were irradiated (2,000 rad). 
The incubation conditions were identical to those described above (the 
numbers of cells/well are given in Table II) except that 1 uCi of 3H-
thymidine was added after 3 days and the cells harvested 18 hr later. 
Concanavalin A (Con A, Pharmacia Fine Chemicals, Sweden) 5 p.g/ ml 
was run in parallel. DNA synthesis was determined as indicated above. 
RESULTS AND DISCUSSION 
Studies of L a ngerha ns cell functions h ave undoubtedly been 
hampered by the low proportion of t his cell type in the epider-
mis. The F c-rosette technique for enrichment of Langerhans 
cells is rather complicated a nd purities exceeding 35% have 
n ever been reached [5,6]. We h ave therefore studied 2 alterna-
TABLE I. Comparison of by monolayer technique enriched and non· 




1 X 105/well 
0.5 X 105/ well 
0.1 X 105/ well 
LC-enriched EC 
0.4 X 105/ well 
Strain 13 
5 X 10''/ well 
1,163 ± 130 
2,070 ± 234 
1,991 ± 319 
1,298 ± 203 
cpm 
Spleen cells 
13,093 ± 6,096 
" EC = epidermal cells; LC = Langerhans cells 
SLTain 2 
5 x 10''/ well 
2,009 ± 417 
1,151 ± 179 
2,152 ± 241 
2,139 ± 95 
1,613 ± 127 
Results are expressed as mean cpm of triplicate cultlll"es ± SE. 
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TABLE II. Comparison of PPD-pulsed by monolayer technique 
enrich ed and nonenriched guinea pig strain. 2 epidermal 
L angerhan.s cells as stimulators of syn.gen.ic PPD-immune 
lymphocyte proliferation 
S timula tor cells 
0.5 X 10''/well 
cpm 
Spleen cells 







2,156 ± 249 
6,059 ± 348 
2,192 ± 364 
20,086 ± 850 
" EC = epidermal cells; LC = Langerhans cells. 
1,181 ± 122 
3,335 ± 340 
1,329 ± 128 
9,183 ± 7,141 
Results are expressed as mean cpm of triplicate cultures ± SE. 
tive principles to improve the purity and simplicity of Langer-
hans cell enrichment. 
A modification of the method of Stein muller and Wunderlich 
[10] was used to prepare single-cell suspensions from epidermis. 
A pair of guinea pig ears (36 experiments) yielded 36 ± 15 X 10fi 
cells (mean ± SD) with a mean viability of 84%. These suspen-
sions which contained 1-3% anti-Ia reactive cells as judged by 
indirect immunofluorescence were used for subsequent eru·ich-
ment of Langer hans cells. 
Enrichment by Monolayer Technique 
To be practical for in vitro studies, enrichment ofLangerhans 
cells must involve a procedure that yields enough cells in a 
reasonable time. To achieve this we have used a monolayer 
t echnique [14]. The yield of viable guinea pig epidermal cells 
adherent to the plastic Petri dishes coated with anti-Ia anti-
bodies was in 4 experiments 0.1-1.9% (mean 1.1%) of the original 
number of viable cells added to the plates. The mean viability 
of the original cell suspension was 80% (range 60-90%), 83% of 
the adherent (range 73-89%) and 74% of the nonadherent cell 
population (range 66-86%). Immunofluorescent staining 
showecj that 15-37% (mean 24% n = 3) of the adherent cells 
("Langerhans-cell-enriched epidermal cells") and 0.3-3.3% 
(mean 1.4% n = 4) of the supernatant cells ("nonenriched 
epidermal cells") were anti-Ia reactive. Cells incubated with 
normal rabbit serum gave no staining. Uncoated plates did not 
enrich anti-Ia reactive cells. The enrichment achieved compares 
favourably with the Fc-rosette technique [5,6]. 
In functional studies of the Langerhans cell it is crucial to 
exclude the presence of other immunocompetent cells in the 
preparation. No histochemical evidence for a contamination 
with T lymphocytes, mouocytes/macrophages or granulocytes 
were obtained from the cytocentrifuge preparations of either 
the adherent or the nonadherent cell population when staining 
for the enzy~es: peroxidase, a -naphthyl acetate esterase, naph-
thol AS-D acetate esterase, acid a-naphthyl acetate esterase 
and acid phosphatase [12,13]. 
We investigated whether Langerhans cells enriched by the 
monolayer technique had maintained their capacity to function 
as stimulating cells in MLR and antigen presentation. Table I 
shows that the Langerhans-cell-enriched fraction stimulated 
the allogenic spleen cells in the primary MLR. The enriched 
cell fraction also clearly showed that the capacity to present 
antigen to syngenic immunized lymphocytes was maintained 
(Table II) . Con A, run in parallel, gave a vigorous stimulatory 
response in the spleen cells (2 X 105 /well) 292,485 ± 10,694 
(mean cpm ± SE) . These results are in agreement with those 
published by others [5]. 
We found that the monolayer technique was easy to handle, 
and in a reasonable time gave enough cells for functional 
studies. The enriched population however never contained 
more than 37% anti-Ia reactive cells. To obtain cell fractions of 
high purity and to characterize further the anti-Ia reactive cell 
population as Langerhans cells epidermal cell suspensions were 
sorted by flow cytometry. 
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Enrichment by flow cytometry sorting 
With flow cytometry sorting of FITC-labeled anti-Ia reactive 
cells it was possible to obtain suspensions of high purity. In 7 
experiments with guinea pig epidermal cells the number of anti-
Ia reactive cells in the positive fraction ranged from 73-87% 
(mean 79%). The negative fraction was devoid of anti-Ia reactive 
cells. Fig 1,a shows a dot-plot of forward -angle light scattering 
(proportional to cell size) versus green fluorescence and Fig 1,b 
the histogram in the same experiment. Fig 1 shows that the 
epidermal cell suspension is inhomogenous in size and flum·es-
cence intensity. Due to fluctuations in the epidermal cell sus-
pensions it was necessary to find the optimal sorting limits for 
each experiment and to follow these throughout the sorting 
procedure. This time-consuming step was done under the fluo-
rescence microscope. Approximately 105 cells per hour were 
sorted into the positive fraction. The viability as estimated by 
trypan blue exclusion of the anti-Ia reactive population was 49-
78% (mean 62% n = 5) . The nonviable cells consisted mainly of 
keratinocyte-like cells. 
Histochemical analysis showed that the proportion of A TP-
ase-positive cells corresponded well to that of anti-Ia reactive 
cells. Langerhans cells are the only epidermal cells that stain 
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fluorescence intensity scatter intensity 
FIG 1. a, Dot-plot of foreward angle light scattering (proportional 
to cell size) versus green fluorescence with marked sorting areas. The 
right area represents the cell population where the anti-Ia reactive cells 
were found (positive fraction) . The left area is a fraction of cells devoid 
of anti-la reactive cells (negative fraction). b, Histogram of log number 
of cells versus green fluorescence and forward light scatter (proportional 
to cell size) in the same experiment as in Fig 1, a. In the fluorescence 
intensity diagram the ft.rst (left) pair of arrows indicate the negative 
fraction of cells, the second pair (right) the positive fraction. In the 
scatter intensity diagram the arrows indicate the selected ru·ea accord-
ing to cell size. 
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FIG 2. Electron micrograph of a human Langerhans cell emicl1ed 
by fl ow cytometry (X 14,100). Inset shows higher magnification of 
marked area (X 72,100). A rrow indicates Langerhans cell granule. 
used showed any r eaction in the positive or negative selected 
populations indicating that the fractions were free of T lym-
phocytes, monocytes/macrophages and granulocytes. 
In o ne experimen t human Langerhans cells were enrich ed 
with flow cytometry sorting. A cons iderable enrichment, 68% 
anti-Ia (HLA-DR)-reactive cells was obtained compar ed to t h e 
original 3%. In the e lectron microscopy most of the cells in t h e 
positive fraction exhibited features typical of Langerhans cells 
including Langerha ns cell granules (Fig 2) . The rest of th e cells 
in this fraction a nd the cells in the negative fraction were 
identified as keratinocytes and m elanocytes judged by morpho-
logical criteria for these cell types. 
In conclusion, no histochemical or electron-microscopical 
evide nce w as obtained in t he enl'ich ed anti-Ia cell fractions for 
a s imultaneous enrichment of other cell populations than L a n-
gerhans cells. Thus OUl' ant i-la antiserum enrich ed only Lan-
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gerhans cells from epidermal cell suspensions. The monolayer 
techniq ue gave a m oderate enrichment of functional L anger-
hans cells and flow cytometry sorting a high degree of pUl'ity 
alth ough time-consuming. These techniques should be useful 
for fUl'th er functional studies of the Langerhans cell. 
Excellent technical assistance was given by Ann-Kristin Helenelund 
and Anneli Lantz. 
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